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B P (2 2 A S )2, oS m A X,
FERRIA B R 2%, Bussey®E N\ W #r 7 H BRI B 42
2920 km i 54 o U O BRARRAE, 45 R AR B RD A AL T
FA£H70° 1) ] Hdi i ST A AE K A 21X, HLZET5 X0 7K
A5 X 3 A R, A= 1) K A B RS IX Yl b 2R
%15%. ZFHERE S N I 47 B B0 20 A i Bk i
BEAY, THEE 7 1950-2050 4F 3 18] 5 2 K BH 4 6 E2 e H
HERES. ABH NS S2ist A8 4k, 8 AR % B8 U IE 1 5
M. 20174F, ik 35 MR N BIEE T =k 2 A BREUE ©AT
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KU H 7 4o #f (SELENEE Kaguya), A& % 1 #O6&
JZ 1t (Laser ALTimeter, LALT) M AH AL (Terrain Cam-
era, TC). FIHLALTHREL T i#i~1.6 km. ZZ#1~15 km
IR E)HI AR 5 U3, gk, R TCHT A A5
) AEATL AT CASRECH R (1) STAR AR, AT SR B T A5 2,
FEih- 545 B 78 55 A ER99% I £ 7 i FE AR B (DEM) 41,
Barker A\ 21— DRl G T LOLAZUE FTCR G Rl &
A= B FIDEM L, SR T 78 55 H BR60°N/SZE FE P 1) &
5 1 K7 = FEAR 7 (SELENE and LRO DEM 2015, SL-
DEM2015), H /K [m) 2 HE T8 BIS 1218 R/ (4 T
FRIE AL E ~60 m), T[] K fE A 1A ~3-4 m.

F T SLDEM2015%#%, LOLAF} 2 5 B A3t — 25
THE A3 BT M R > HE R A R YN T AL A B
¥ (http://imbrium.mit.edu/), A3 — 5 VE 40 B A £
Hhy T b S50 AE T T AR A T B 34, B 1D A BRIE
TH130°N/SZH % Jis [l WLROJ ™ A #H HL(Wide Angle Cam-
era, WAC)FZ 4. 38 (0 [B] ) R 7 1% 36 [B] WNASAE B it
Rl b B R F BRI H HEFE RO SR I H FR DS AR S
L Aristarchus b [X (3% 8, 5 HE [X 430) 4 ) 7 40 4R TF 1% [X
S K, o 4 L R FL 3 PR B AR AE

Aristarchusih [X f37 F H Bk 1 1] 75 b 55 7Y 5 A1 X 2
VE 2 18], B 2(a) N Aristarchusih [X [FILRO WACHL % 5
14, X R 1 R 3 8 5 HE X 5, 1] 2(b) o Aristarchusihy
X ) s A2 ], R4 SLDEM2015% 4% 75 1), Aristar-
chus3h [X 3= f Aristarchus = J5 25 A%, BV 2(b) iz 7
Jb-ZR B 75 1Al 1) BOR K5 T A B (170 kmx220 km), H

] {8 A 7E 2938542 5F i 1Y ¥ 780 30 T2 B ) Bt ke 3 i, ¢
™ Aristarchus =y B 8% K5 1 10 6 55 R AL L X3
5% fm1 BT AN B K J 5 5T R Schroteri H 2 U Sk BT
| B B DX 4, B A #5052 T Aristarchus & 5 5T N, #2444
) PE b 77 M &, 5 Schroteri H & i E [a) B A — 5
Aristarchus = J5 PG 3677 A, (5 PG 3610 247 bb A B XU
R 292 km.

HERIE T A\ X EOR 75 kol Hh g ven
AristarchusHfi [X & H 22 5 K 1K L g PR X 32—,
P X i RNk SANCN: D QIR YR E R T
FERIK10-30 m, &7 7@K 1) 28 (A KAk I 72, Ho
BB 5 ] [l b XA 2 U7 BT DR e IR R R
RCFEIME90.187). A7 T i I AR M 1 4 ) Aristarchus i
YR Z X 3 A K I T b, BARZ140 km, fRA7 5%,
YR B ORE RN, 2 H Bk B R R
Ktz —, J e b 52 K\ RHC A, 1M
I 55 40 E O s TR H Y RN i o A
TE R RTIR G 4, 48 o 30 3 TR A 55 K 2 1 o 4 1181,
4, Ll Aristarchusti o5 51 8 0, & Thif KREEPRY 7
B 7 EAE R U BR T Aristarchus®# i b, HAR X
WA EERNA B ZRA. 48IE FHerodotust#
Y bt Aristarchus# 7 UBE /1N, JU N #8068 5 8 55, HOEAH
X P 4H ;TR A X P A N B o 3 00 R $2 4
PRSI A 5. Ak, #ES Aristarchus 5 5 2 2% g it
B B A, AR AL T A e B 1 Schroteri H
R 2 H BR B K 1 H . Schroteri H & IR T —

B 1 (ML kR ) A 3R IET30°N/SYE H WLRO WACHG 2244, 3 (0 s R ARNAS AR i v R F 3k F BRI H (AR 567 B A, 3
877 HE N Aristarchus L [X. 73 Y65 561853 #5316 ppd, FHE K IE T https://www.Iroc.asu.edu/

Figure 1 (Color online) LRO WAC optical image of the lunar nearside in the range of 30°N/S. The yellow dots represent high priority lunar explo-
ration sites in NASA’s Constellation program for returning to the Moon. The yellow box is the Aristarchus region. Note: The optical image resolution

is 16 ppd, and the data are obtained by https://www.lroc.asu.eduy.
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B2 (2% &) Aristarchusih [X FJLRO WACH 2 5215 (a) A1 807 vy R I (b). 1% DX 3g00S B B 1 3 7 RE. e R 0 SR

T http://imbrium.mit.edu/

Figure 2 (Color online) (a) LRO WAC optical image and (b) topographic map of the Aristarchus region. This area corresponds to the yellow box in

Figure 1. The elevation data are obtained by http://imbrium.mit.edu/.
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SF1H1TH 22045512 H31H #1101 H 28 K BH 75 46 fl
HHABEE, B #E R — sk H. H-H RE0
BI85 ] 2 H0 3 T WebGeocal (WGC) T B it H 15
B WGCHAL 7 — AN T W 50 22 B 741 (1) 7 LA
SPICE (Rl Spacecraft, Planet, Instrument, Camera-matrix,
Events) & 4t #F 17 K SCO W JUAT 72 4 it i T R
(https://naif.jpl.nasa.gov/naif/webgeocalc.html).  3(a)
A LA B, AR BRI TR X 9 T A R /N CF
P1491.54°), AHK BH AR (6) D5 22 30 HA B S A<= 4 1 i
81, Bl H R OKFH BES fUE H BRI/ IE Bt B 5z 3). H
A2 LB (1) K PH 8 S e B R0 H SR 05 B BE 2 R I
—E MZET AR Hetn, H BRED IR EUIE 25 (LRO)FE 4
(A Divinerf# 5 SEEARIL 1 104E DL (1) 78 75 4 H 34
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VA 3 5 5% Diviner#AF 5 H4 E 47 BRI 4, 153 7 H
BRAR X PR AR 40 2R IR T 2= R Ak, H
BRIGAT B 2 OKFH i BR [F] I 5w 1T AR Ak, 76 AH [F]

E] B PN H A BE B (D)t 2 B H R0 M ) A8 4k, i P
3(b) .

RNT S EUTE A BRI AR H A PR
AR 51 S 1 H AT O P % R R H 3 PR 5 1) 2 AR,
AT EL T K B AT T & AL T —56° 2 —46° 2 [
I E R, BRI 70X A 5 K P B S 25 17 28 5 1) DXk Lk Fef
1E AbF 1E 47 B 1), FC A X 3800 75 11:20-12:40 LT F.
HR, PR ARG H A BE 5 k47 3 — 1k, FER
YE BLBHR T B4 264F, 38 H 15 E % (Perihelion Summer
Solstice, PSS). iz H # ¥ % (Aphelion Summer Solstice,
ASS). 1T H 4 % (Perihelion Winter Solstice, PWS)F/l
7t H 4 % (Apohelion Winter Solstice, AWS), ¥EH{44>
B R . B i ) 3 -

-6 \’ Dan = Dani "
f B {(6max - 5min) " (Dsmmax - Dsmjmin) } ’ (1)
Hor1, Smax M0min 7 71 920254E1 H 1 H 22045412 731
9 8] f5¢ R FH 55 71 K BH 75 455 Dmmax P Dmnmin 73 71 N
Z I R B A B K A HOF BE L SR U &R
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WK VAT 7R 4N I 8] . B ) OK BH B 4T A B
MDD ZHOEER 1. B A4 AKEME
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HHBEE. Hd, B Q%A BRI Eakimin g 2, =
TR H BRIL B IG L4 27 4 a5 £oR
Sebr HOH PRS2 H A B ES a/ME, 3 755 )
Feon B BB e A KA. B 3 A, B = AT
203347 H16H, fRanim H A4 & 40t 5] 5582034
E12H30H, fBoniE H S E & 1 05 5 82042
ETHTH, fEonic H S E & 406 = f 2 20424
12A31H, $ERIEH AL E HFEEEMNLZ BT H
BRA B (A B B, iR aA B ) s R B 5 H Bk
MEZH. 22 HE2HEA, HEFRERE AR
H H B 255 H 2GR FI 37 A8 IR 52 AN K.

23 WRFE

(1) KPFH4=
JIF R PR AR S s AR B MK BH LA s 1 P R
JR B SR I N 55, 1 JR B A ARG AR, i o bk

i, TERTIABE F0 R, FoAT 1R L EE R Tk 2 17 H
Kl YU AL, JETHE T U R A A X IR A Ak
O H 4 1 P RN B B BRI (45) X BLIR AT T kS FE A
H 2T T m B Y 2 5 SLDEM2015, SR H 28 1Lh Y
771 H 5 Aristarchus /& JR AT 207 B 3% 0 J55 358 K BH &
5 A4 (Bs), BV J53 350 A BH i B A ] R R 1)

2

Horh, a WL, Aa K BH T B A A 7 A ) 2248
BRI T K BH e BE i (AN 25 B8 H T ). gl ik —
BRRN

sin B35 = cos a sin S — sin @ cos B cos(Aa),

sinf3 = cos Acos d cos i + sin Asin 6,

3)
Horp, UNERRE, Rt fy. VER, Chb A 235 D IR /.

R VUK A R ORI B AL, H A B ESH

Table 1 Sub-solar longitude, latitude on the Moon and Sun-Moon dis-
tance at four different times

St 1

T, X B 2 1A ROK BH R 5 BoA B8 52 m. A, I ] (UTC) ZEEC)  6C) Dn(AU) %
b T L B0 H e B e T B 858 1 2033-07-16 00:00:00 4868  —151 1.02 AWS
%ﬁﬁi’é\ﬁ/ﬁ\ﬁm% ﬁ,\‘: ARSI F ‘?‘ZJH EE@E{% 2034-12-30 00:00:00  —53.95 1.43 0.98 PSS
=, JEM % R AR RN /TE NG SR A () K FH g 2042-07-07 00:00:00  —49.67 1.52 1.02 ASS
YRR P D SR 0 20 5 A B T A TS 1 R s 2042-12-31 00:00:00 4749  —1.56 0.98 PWS
(a) T T T T T T T T T T
o 1h i
®
‘_é OH AR ERER EL A AR EFEE S
5
@ _1 '
2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046
(b)
102 - T T T T T T T T T T -
5
<0l 1 A 2033-07-16(AWS)
z ® 2034-12-30(PSS)
S 1.00 ® 2042-07-07(ASS)
s A 2042-12-31(PWS)
L 099
>
wn
098 = 1 1 1 1 1 1 =

2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046

uTcC

B3 (MghcE) 202541 H 1H 220455212 H 31 H #110) H 2 KBRS (@ F H H BEES (b)BERT 19840, R =MATE. 6l
. BaREEMZE=AErHERERASLXE, EAAERE. ZHAEEMIHSLE. () ELER B ERRE,

T R KR4

Figure 3 (Color online) Sub-solar latitude on the Moon (a) and Sun-Moon distance (b) from January 1, 2025 to December 31, 2045. The blue triangle,
red circle, blue circle, and red triangle represent AWS, PSS, ASS and PWS, respectively. The dotted line in (a) indicates the lunar equator and the

season depends on the sub-solar latitude.

239611-5



H% pEB WEE S RO

202 HS2E 3

5T X A T T A B R, DX 3PN A A B 1 K B
JE FBTEST —70° 2 18], DLZE T M 2 8] (4 3 44 3
AN AT BBAEAE — € [ H B SN, 52 H TR 5%
W), AT A7 B ) S 38 K BH /=1 B A 8 U B BE K AR AL
Ja . XsinBs < O, o A BHAL T o 35 45 THI 24 1)
PRSP DAR, BR3P A2 1 E S MR8, L By 4 T 42
A RO PH 48 8 B (1) 0. 2sin B, >0, Ja) B4 [
TR A 0K B 2 R B (1) AT 3R~
_ (1 —A)S sin
-
H v, AN £ T I 18 F(Aristarchusith X °F 15 & 1§
#0.187), S NAPHE L, 45721365 W m™2.

() H&7xH

eI AR M, ARWR 7R, JrmEae
RvEdr Y. T HMA =F 2 mKALE % R,
70%1¥1 B ERUIE Ab TR BH . DS RS (118 K BH KR
B R, wF T A BROGHRRIX, KBRS, X287 & 12
POt TR S ES, NGB A RMKREES S
A LT RS B A B AR SRR R TR, EAS 2 LR
TURHLT, PRI R R B LI T 2, B = 0, [
FEHb, 200855 8 R B R ES 7 SO B A, B/
7EHEROGRAIX, H T 70 F LR 8 2 ' L F IR ()
S TR T R () RN 2 B AR B T LR (U 4L R
H 2 LA IE H o 32. AT R BH XU 7= AL IR LI, IE
BT A I R AT 2, DRI, ;T R B XU T
. FE TP RS, 2 A 7 E R IA B,
BldQ/dr = 0, H R LB E. LRI, Shl+
L 32D, [onl > el > |, ZBET;, 24050+ Je = OB,
TR B HL A

TE S (P18 K BH IRUH, K BH )RR E BT (V)
29759400 km s!, 25 B A TR (T, = 1.4 X 10° K)
B TR B TR (T = 1.0 x 10° K)M 24, (BT
L - 03 FE (me ) 128 /) T 01 T R B (my) 3 3 L 7 #GE B))
TH FE (ve=2060 km s~z K T B - 1) #iz 3l B (vg=
44.5 km s7). AB4, KBHREEAIZ S BN T #H 2
], vie 3> V > v, BRI T LIRIZF A E, BT LK
FHREE AR B0 2, AT B RE B F RN H2,
TR IX B 7 H L /N Tl B 7 FRL AR FE - LA,
AL 2 T ) TR

R 4 Stubbs & N 2O 4 T A A, 7RG IR X, 4 H
T 146 H. o > ORT, S i T FI55 B TR 752 H TH

I 4

87 I MTETN U R A e I R N SR R
b

kpTpn 112 edo
i = —ena520) e~ ). 5
o= O D, ) P\ KT ©)
12
Je. = eno( kpTe ) (6)
27tme,

H o, kg NBoltzmann® %0(1.38x1072%), ey JT H faf
(1.6x1071 C), m TR HLF R #(9.11x107! kg), Tpn M
JGHLTFRE(1.7x10% K). ng ATE 55 A (RIAEFF B A8 )
SR TRIRE(10.0 em™), g W 2 M6 HL Tk
£, S5ORBHIINS AR R, AT RR N
27tme \'/* Jono cos ¥
}’lph() = _(kBTph) eDsmz >
Hor, Tonooy H 32K BH 2 BN SF £URI G L7 FUIR 3
JE(—4.5 uA m™2), y R ERNBHN S A, 5 R =
EHAB Il R x + By = 7/2. 78 HL PN, T F 35
H o8 A . 1AL HE X LI~ 7 5 Jpn + Je = 0, 7T
SR i F T4 L 3

_ kgTpn engDgw®  [kpTe
== e ln( B Jpno cos Y 27tme ) ®)
FEJCHRX, 24 H G Higo < O, Dt L 7~ FI14%

[N AR E T 275 [ AN E N 11 B e SR R R I
AR NN P D

N

ks Ton 12
T = —en ( ) )
ph phO 27_[me

kpTe | ego
I = ( ) ( ) 10
e = en o exp kol (10)

247 I gL N, 1K FN 78 BT, Bl g, + Je = 0.
SR, A Ay

_kgTe  ( Jpnocosy [27ume
g == ln( g 1/ P~ ) (11)
XtF o, < OFlgs > OIS &, H T 3480, BIFT
HHH [X”(Dead Zone). i@ L (8)Ek(11), A1 E X Af

TEAL B F R K BHN S (epz) N

_enODsm2 kpTe 2
27tm, ’

Xpz = cos! [ (12)

Jono

My < ypzT, HT-FA#HEENIE, ¢ > 0; 2y > ypz i,
H PR N, ¢ < 0.
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T 3 4, RIS 7R 1IE 4-(12:00 LT), AT g
TEH 7 HL ) JR 30 DX k. 52 F T Hb T G 3, 45 55 1 1R hr
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Figure 7 (Color online) Distribution of vertical electric field at (a) PSS, (b) PWS, (d) ASS, (e) AWS and distribution of vertical electric field difference
from (c) PSS-PWS, (f) ASS—AWS, (g) PSS—-ASS, (h) PWS-AWS, (i) PSS—AWS at noon in the Aristarchus region (unit: V. m™").
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Figure 8 (Color online) Distribution of vertical electric field difference
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Figure 9 (Color online) Effective solar irradiance and equilibrium sur-
face potential at the perihelion summer solstice in the Aristarchus region.
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Figure 10 (Color online) Rock concentration values with the LRO
WAC optical image in the Aristarchus region. The rock data are obtained
by inverting LRO Diviner data [23]. The figure is based on JMARS soft-
ware.
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Real-time simulation of effective solar irradiance and electric
field on the Aristarchus region based on SLDEM2015 data
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Taking the Aristarchus region on the Moon as an example, the slope and azimuth of the lunar surface obtained from the
high-precision digital elevation model (SLDEM2015) would be used to calculate the effective solar irradiance at noon
from 2025 to 2045 when the Aristarchus region is at the perihelion summer/winter solstice and aphelion summer/winter
solstice. Second, based on the current balance theory, the equilibrium surface potential and the vertical electric field are
calculated. The results show that the topography, lunar latitude, Sun-Moon distance, and seasons have important effects
on the distribution characteristics of effective solar irradiance, equilibrium surface potential, and vertical electric field. In
addition, it is found that the distance between the Sun and the Moon has a considerable influence on the effective solar
irradiation, equilibrium surface potential, and electric field than the seasonal variation. This can provide some support and
basis for the time selection of unmanned and manned lunar exploration missions, simulation of landing site environment
characteristics, use of solar energy, and early warning and prediction of lunar dust environment.

Moon, Aristarchus region, effective solar irradiance, electric field
PACS: 94.05.Bf, 95.55.Pe, 96.12.Wx, 96.60.Ub
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